Background and PurposezzThe aims of this study were to elucidate the cognitive functions of narcoleptics and determine whether intelligence protects against cognitive dysfunction and depressive mood in these patients.
Introduction
Narcolepsy is a neurological disorder that is characterized by excessive daytime sleepiness or sudden sleep attacks with cataplexy, sleep paralysis, hypnagogic hallucinations, and fragmented nocturnal sleep. [1] [2] [3] [4] [5] [6] Early studies of cognitive impairment in narcoleptics were based mainly on self-reported complaints of patients or anecdotal clinical observations, 7 and thus were unsuitable for exploring cognitive deficits in an objective manner. However, several of those studies did not reveal significant memory impairment in narcolepsy patients compared to normal controls, although some patients complained that they had increased difficulty in maintaining attention. [8] [9] [10] On the other hand, other studies found that narcoleptics had selective cognitive deficits in response latency and word recall, 11 or impaired abilities regarding attention and executive function tasks that require higher levels of inhibition or task management abilities. 12 The inconsistencies of objective cognitive evaluations contrast with consistent patient complaints of declines in cognitive functions related to attention, concentration, executive function, and processing speed. [9] [10] [11] [12] Previous studies have suggested that intellectual function acts as a protective factor in terms of the recovery, adaptation, and psychological state of patients with psychiatric and neurological disorders. [13] [14] [15] Although IQ in narcoleptics has been assessed previously using a computerized neurocognitive function tool and the Wechsler Intelligence Scale for Children (3rd edition), 16, 17 no previous study has investigated the effect of intelligence on cognitive functions in narcoleptics.
Is
The aims of the present study were therefore to characterize a comprehensive range of cognitive functions in narcoleptic patients and determine whether significant differences in memory and concentration exist between narcoleptics and age-, gender-, education-, and IQ-matched healthy controls. In addition, we investigated whether intelligence protects against cognitive dysfunction and depressive mood in narcoleptics.
Methods

Procedure and subjects
All of the narcoleptic subjects were selected at the sleep disorder clinic of a university hospital between June 2005 and October 2009. Thirty-three drug-naïve narcolepsy patients (21 men, 12 women) who met the International Classification of Sleep Disorders (2nd edition), and 33 age-, education-, and intelligence-matched healthy controls (19 men, 14 women) were recruited, the latter via a public notice at the hospital. Informed consent was obtained from all patients prior to its commencement, and the institutional review board of our hospital authorized the study protocol. The narcolepsy patients underwent history-taking and various sleep tests with overnight polysomnography (PSG) and the Multiple Sleep Latency Test (MSLT). In particular, we documented excessive daytime sleepiness, current cataplexy symptoms, cataplexy history, and the expansive quality of sleep through history-taking and the Epworth Sleep Scale (ESS). The exclusion criteria included 1) a sleep disorder causing excessive daytime sleepiness, such as sleep apnea, 2) a psychiatric or other neurological disorder, 3) a medical disorder that could cause sleep problems, 4) a history of head trauma, epilepsy, encephalitis, brain tumor, brain surgery, other relevant brain disorders, drug abuse or alcohol intoxication, a psychiatric disorder, impaired corrected visual or hearing ability or hand motor functions, or 5) an IQ of <80 according to the Korean version of the Wechsler Intelligence Scale (KWIS). The healthy controls had no history of neurological disease, notable cognitive dysfunction, psychiatric or medical disorder, or history of alcohol or drug abuse.
Neuropsychological tests
All 66 study subjects were administered a battery of neuropsychological tests and an individual standardized intelligence test. We administered the Doppelt form of the KWIS. 18 The KWIS Doppelt form addresses the domains of vocabulary, mathematics, picture arrangement, and block design. To evaluate verbal memory, we administered the Korean version of the California Verbal Test. 19 Visual memory was examined using the Rey Complex Figure Test . 20 The Korean version of the California Verbal Test involves 5 learning steps and 16 words; after the 5 learning steps, we examined immediate recall and immediate hint recall, and 20 minutes later we examined delayed free recall, delayed hint recall, and recognition. The Rey Complex Figure Test involves immediate recall after copying a complex figure, and free recall and recognition 20 minutes later. The digit span test from the Wechsler Memory Scale-Revised was administered to evaluate verbal attention and working memory, using a standard protocol. 21 The Corsi Block-Tapping Test (CBTT) was used to examine visual attention and working memory. 22 We also administered Trail-Making Tests-A and -B and the digit symbol test. 23 The emotional state of the subjects was examined used the Beck Depression Inventory (BDI), which comprises 21 items with 4 factors: cognitive, affective, motivational, and somatic. 24 We focused on the BDI scores of the two scales to establish whether somatic symptoms prevail in narcoleptic patients: the general depressive symptoms and somatic symptoms subscales (impaired sleep, somatic symptoms, fatigue, loss of appetite, weight loss, and loss of libido). 25, 26 The following cognitive domains tests were also administered: 1) for executive functions, the Wisconsin Card-Sorting Test, 27 the Stroop test, 28 the Controlled Oral Word Association Test (COWAT), 29 and Raven's Colored Progressive Matrices; 30 and 2) for verbal functions, the Korean version of the Boston Naming Test (K-BNT).
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Sleep studies
Narcoleptic subjects submitted to an overnight PSG and MS-LT in the sleep laboratory. The PSG was administered from 10 PM to 7 AM the following day, and the MSLT was commenced 2 hours after awakening. The MSLT comprised five naps scheduled at 2-hour intervals starting at 9 AM Patients were invited to lie down on a bed in a dark, soundproof room and instructed to try to fall asleep. 
Statistical analysis
The independent t-test was used to evaluate between-group differences, while the χ 2 test was used to evaluate differences associated with gender. Because of the small number of subgroups, the Mann-Whitney U test was used to evaluate subgroup differences between narcoleptics and controls. The data are presented as mean±SD values, and the level of statistical significance was set at p<0.05 (two-tailed). Statistical analyses were conducted using SPSS version 12.0 for Windows.
Results
Subject characteristics
No significant differences were observed between patients and controls with respect to age (29 
Memory and attention
Verbal memory did not differ significantly between the narcolepsy and control groups for the domains of total learning quantity, short-delay free recall, long-delay free recall, or recognition. Similarly, there were no significant differences between the two groups in visual memory for the copy, immediate recall, delayed recall, and recognition domains ( Table  1) . The scores for the digit span forward and backward tests also did not differ significantly. However, narcolepsy patients had a significantly lower CBTT-forward/-backward and digit symbol test scores (Table 2 ).
Mood and other neuropsychological results
Narcoleptic patients reported significantly more depressed mood than controls, as assessed using the BDI (BDI score: 
Comparison between high-and mid-to-low-IQ patients
Based on an IQ evaluation conducted using the KWIS, the narcolepsy patients were subdivided into those with a high score (IQ≥110, n=16) and those with a mid-to-low score (IQ≤ 109, n=17). 18 The mid-to-low-IQ patient group performed significantly worse in the digit span backward test (7.7±1.8 vs. 9.5±1.8, p=0.01), the phonemic test (30.6±9.4 vs. 40.3± 9.6, p=0.01), in semantic fluency as assessed using COWAT (30.0±6.3 vs. 35.9±7.9, p=0.03), and the K-BNT (50.6±4.5 vs. 55.1±2.4, p=0.00). They also had a higher BDI total score (11.8±5.9 vs. 6.8±5.8, p=0.02; Fig. 1 ) and a higher general depressive symptoms subscales score (10.1±4.8 vs. 5.7± 4.9, p=0.01) than the high-IQ patient group. Furthermore, the mid-to-low-IQ patient group exhibited a tendency toward feeling more somatic symptoms (3.3±2.0 vs. 1.8±1.7, p= 0.04).
Comparison between the high-and mid-to-low-IQ groups of normal controls
As with the narcoleptic patients, the control subjects were divided into those with a high IQ score (IQ≥110, n=18) and those with a mid-to-low IQ score (IQ≤109, n=15) . 18 No significant differences were observed between these two groups with respect to age (25.9±10.0 years vs. 33.6±13.9 years, p= 0.08), gender (men: n=13 vs. 6, p=0.06), or educational level (12.8±1.3 years vs. 13.8±1.6 years, p=0.06). Similarly, cognitive performance and BDI scores were did not differ significantly between them (Table 3) .
Comparisons between the high-IQ and the mid-to-low-IQ patient and control groups
Members of the high-IQ patient group (n=16) had spent significantly more years in higher education (15 
Correlation between cognitive functioning and ESS and MSLT score among narcoleptics
The ESS scores of narcolepsy patients were negatively correlated with Trail-Making Test-B scores (r=-0.35). There were no significant differences in general cognitive domains and de- pressive level between severely drowsy patients (ESS>15, n= 16) and moderately drowsy patients (ESS≤15, n=17), or in cognitive domain scores between narcoleptics with a mean sleep latency of <3 min (n=25) and those with a mean sleep latency of >3 min (n=8).
6
Discussion
This study explored the cognitive and emotional characteristics of narcolepsy patients. Specifically, we investigated whether narcoleptics exhibit any objective decline in attention or memory as compared with gender-, age-, and IQ-matched normal controls. No significant differences were found between patients and controls in terms of verbal working or longterm memory, visual long-term memory, or auditory attention. However, narcoleptics exhibited significantly impaired temporary/sustained attention to a visual stimulus and visual working memory performance. Furthermore, we found that narcolepsy patients were more depressed than controls. The effect of level of intelligence on cognitive functions and task performances was examined by stratifying both the narcoleptics and controls into high-and mid-to-low-IQ groups. The high-IQ patient group performed better than the mid-to-low-IQ patient group in terms of auditory attention and verbal fluency, and the latter had a significantly more depressive mood. On the other hand, there were no significant differences in cognitive performance between the high-and mid-tolow-IQ control groups. Furthermore, the narcolepsy patients were found to have impaired visual working memory and short-term attention performance compared to the controls, regardless of IQ. Moreover, there were no differences in cognitive performance between narcolepsy patients stratified according to their level of drowsiness (i.e., severely or moderately drowsy, as determined using ESS and MSLT scores).
It has been reported that narcolepsy patients experience a sense of anxiety and have low self-confidence regarding the execution of memory tasks, which may explain the common complaints of subjective memory decline. 9 In the present study, the narcoleptics demonstrated a more depressed state than the controls. Contrary to expectations, the level of somatic symptoms did not differ significantly between narcoleptic patients and controls. Furthermore, since depression can negatively affect overall cognitive performance, 33, 34 we hypothesize that a sense of depression contributes to the perception of diminished memory function and a subjective feeling of memory and attention decline. The narcoleptic patients included in this study scored statistically significantly lower in the CBTT and the digit symbol test, both of which require the processing of visual stimuli, demonstrating that narcoleptics cannot efficiently pay attention to visual stimuli and working memory, and that their attention capacities are limited. This finding is consistent with the subjective decline in attention reported by narcoleptics, because they take longer to perceive and inspect visual stimuli than do controls, resulting in additional difficulty when they perform these visual tasks. However, other studies have found contradictory results on this topic. For example, two studies found no difference between narcoleptics and normal controls in terms of visual attention, divided attention to a visual stimulus, and working memory. 12, 15 These conflicting results may be related to differences in the nature of cognitive tasks, and may be open to diverse interpretations.
Significant auditory attention impairment was not detected in the patients included in the present study, which concurs with the findings of some other studies. 8, 10, 12 However, although yet another study found no difference between patients and controls with regard to attention tasks that required about 5 minutes, a significantly inferior performance was observed in narcoleptics in a different task that required longer than 10 minutes. 35 In the memorization task in the present study, the external stimuli presented by an evaluator changed rapidly. During such a test, patients may monitor their awareness and spare their cognitive resources to adapt to changes in awareness, and therefore do not demonstrate a decline in attention. However, when patients are forced to perform tasks over longer periods of time without external stimuli from an evaluator, they may not be able to monitor awareness levels and use cognitive resources, which could result in a significant attention impairment. In the present study it was difficult to draw any conclusions in this regard since we did not use tests that took longer than 10 minutes to complete. Therefore, we recommend that future research employs additional long-duration tasks with diverse stimuli to allow a more complete evaluation of attention impairment.
Many previous studies have concluded that intelligence acts as a protective factor in terms of cognitive, social, and emotional aspects in those with a neurological or psychiatric disability. 36, 37 However, no study has previously investigated whether intelligence plays the same role in narcolepsy patients. Nevertheless, one study found that narcolepsy patients with a high IQ exhibited significant cognitive impairment, which suggests that intelligence and cognitive impairment are independent. 15 When we compared cognitive function and emotional state in patients with different IQ levels in narcoleptics, we found that the high-IQ group performed better in terms of cognitive function and felt less general depressive symptoms. Although many different definitions exist, Wechsler defined intelligence as "aggregate or global capacity encompassing cognitive, emotional, and characteristic aspects, that is, the ability of an individual to act purposefully, to think rationally, and to deal effectively with his environment" 37 . Thus, intelligence describes the potential of an individual to achieve efficient adaptation, or it could be interpreted as a resource that can be used to compensate for the impairment in a certain factor, since intelligence is the combined result of multifaceted, multidetermined factors. This could be comprehended as cognitive reserve, which could be defined as an ability to engage alternative brain networks to compensate for neurological pathology and behavioral impairment. [38] [39] [40] It has been demonstrated that a high cognitive reserve is a protective factor in schizophrenia, bipolar disorder, depression, and traumatic brain injury. 38, 39 From the perspective of task execution, intelligence can positively affect retrieval and the application of previous learning, and can play a protective role to compensate for impaired attention and memory. 37, 41 This may explain our finding that narcoleptics with a high IQ experience less cognitive impairment and are less depressed. Accordingly, we believe that the present study is of value because it probes whether the level of intelligence-an index of cognitive reserveinfluences cognitive function and emotional state.
This study was subject to several limitations that should be considered. First, the subjective declines in memory and attention investigated in previous research studies were not investigated herein, and thus it was not possible to compare patientevaluated subjective indices with objective indices derived from standardized tests. Second, only a shortened intelligence test was used to measure IQ. According to a study of patients with schizophrenia, the level of consistency between the Doppelt or WARD7 form intelligence tests and the overall level of consistency was 66-90%, which implies a limitation of the shortened test to closely examine an individual's intelligence. 42 Third, we did not undertake an extensive evaluation of the emotional states of the narcolepsy patients; we therefore recommend that future studies compare subjective and objective indicators of memory function and use comprehensive testing to evaluate emotions.
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